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TITLE OF THE INVENTION 
Optical Data Link 

Cross-Reference to Related Application 

This application claims priority to Provisional 
5 Application Serial No. 60/297455 filed 06/13/2001, which 

is/are hereby incorporated by reference in its/their 
entirety. 

BACKGROUND ART OF THE INVENTION 
Field of the Invention 
10 The present invention relates to an optical data link, 

(3 Related Background Art 

':5(F 

i;0 An optical data link has a photoelectric transducer 

: .C 

5*1*1 unit, a housing base member made of metal, a substrate directly 

rh 

}\\ secured onto this housing base member, and a cover member 

11 15 covering this substrate* 

0 

fU SUMMARY OF THE INVENTION 

m 

The inventor has been studied an optical data link as 
j*y shown in Figs. 15A, 15B, 16A, and 16B. In this optical data 

link, a printed circuit board 4 and a photoelectric transducer 

20 unit 6 are mounted on a housing base member 2 made of metal. 

The printed circuit board 4 is provided with lead terminals 
8 supported by the metal-made housing base member 2. The 
printed circuit board 4 is covered with a cover 10, and the 
coyer 10 is attached to the housing base member 2 . The optical 

25 data link 12 as shown in Fig.. 15B is constituted by these 

components . 
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Referring to Fig. 16A, the circuit board 4 is directly 
mounted on the housing base member 2 in the optical data 
link 12 . The circuit board 4 is bonded by silver paste applied 
to the rear face of the circuit board 4. The whole rear face 
5 is utilized for the bonding by use of the silver paste. On 

the only one side of the circuit board 4, electronic components 
are mounted. In order to mount more electronic components 
on the circuit board 4, the circuit board 4 has been made 
greater to obtain additional area for mounting components. 
10 Referring to Fig, 16B, the housing base member 2 of 

□ the optical data link 12 comprises a plurality of components 

□ 

i;p such as a covar-made component 2a, a CuW-made component 2b, 

and a covar-made component 2c. These components 2a, 2b, 2c 
are assembled by silver brazing. The optical data link is 
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m 



^ 15 composed of these components, so that the assembling of the 

I'lJ optical data link is complicated. It is not easy to downsize 

ry . 

the optical data link because of the large number of the 
components and the structural complexity of the optical data 
link. 

2 0 In the development of the optical data link of this 

type, the inventor has found that the optical data link will 
hereafter be required to mount a greater number of electronic 
components than those currently mounted without increasing 
the size of optical data link. 
25 Therefore, it is an object of the present invention 

to provide an optical data link having a structure capable 
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of increasing area for mounting more electronic components 
thereon. 

One aspect of the present invention relates to the 
optical data link. The optical data link comprises amounting 
5 member, a circuit board, an optical element assembly, and 

support means. The mounting member has a substrate and a 
plurality of electrically conductive pins. The substrate 
has a plurality of holes. The electrically conductive pins 
pass through the plurality of holes of the substrate. The 
• 10 circuit board has a pair of surfaces. On each of the pair 

Q of surfaces, the circuit board mounts electronic components. 

a 

i;£j The circuit board has, on each surface thereof, an 

ss 

electrically conductive layer connected to at least one of 



the plurality of electrically conductive pins . The optical 
a 15 element assembly includes a semiconductor optical element 

and is mounted on the mounting member. The semiconductor 



i!0 optical element is connected to the electrically conductive 

w 

j'jj layer on the circuit board. The support means functions so 

as to distance the circuit board from the mounting member. 

20 Another aspect of the present invention relates to the 

optical data link. The optical data link comprises amounting 
member, a circuit board, an optical element assembly, and 
a support member. The support member is provided between 
the mounting member and the circuit board, and supports the 

25 circuit board so as to be spaced apart from the mounting 

member. Since the circuit board is spaced apart from the 
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circuit board, both surface of the circuit board can be used 
for mounting the electronic components. 

Since the circuit board is distanced from the mounting 
member, electronic components can be mounted on both surfaces 
5 of the circuit board. 

The following features relating to the present 
• ^ invention can be combined with the above-mentioned invention . 

These features can be also combined with each other 
arbitrarily, whereby the invention obtained by these 
10 combinations can att ain the operations and effects arising 

Q from the individual features as well as the combinations . 

a 

f 

r.f> 

m 
m 
ru 

% 15 main surface of the mounting member. The mounting member 

\U has an electrically conductive film provided on the main 

m 

ijfl surface- In this configuration, the circuit board is 

d 

;y arranged between the electrically conductive cover and the 

electrically conductive film of the mounting member. This 
20 arrangement can improve the noise immunity of the optical 

data link. 

In the optical data link, the mounting member may have 
an opening for accommodating an electronic component mounted 
on one of the surfaces of the circuit board. If the head 
25 of the electronic component is inserted into the opening, 

then the distance between the circuit board and the mounting 



The optical data link may further comprise an 
electrically conductive cover covering the circuit board. 
One of the pair of surfaces of the circuit board faces a 
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member can be made smaller. 

In the optical data link, both the mounting member and 
the circuit board may be arranged along a reference plane. 
The electrically conductive cover has a plurality of opening 
5 portions arranged so as to communicate with accommodating 

space between the mounting member and the circuit board. 
Each opening portion works as vent for communicating space 
between the mounting member and the circuit board to the 
outside of the optical data link. 

10 In the optical data link, a support member may be mounted 

on the mounting member so as to support the optical element 
assembly and the circuit board. The circuit board is 
distanced from the mounting member by use of the support 
member supporting the optical element assembly. 

15 In the optical data link, the circuit board may have 



Til a plurality of holes into which the electrically conductive 

pins are inserted. The circuit board is supported by at least 



one of the electrically conductive pins. The electrically 
conductive pins are provided so as to distance the circuit 

20 board from the mounting member. 

In the optical data link, the mounting member may 
comprise an insulating member provided along a surface of 
the mounting member, and this surface is opposed to the main 
surface of the mounting member. The insulating member can 

25 electrically insulate the optical data link from a printed 

circuit board on which the optical data link is mounted. 
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In the optical data link, one side of the circuit board 
has a depressed portion. The optical element assembly may 
be arranged in this depressed portion. The depressedportion 
allows the length of the optical data link to decrease by 
a length corresponding to the depth of the depressed portion . 

In the optical data link, one side of the circuit board 
has a depressed portion, whereas one side of the substrate 
of the mounting member has a depressed portion. The optical 
element assembly may be provided in these depressed portions . 
This configuration of the optical data link does not require 
the optical data link to have a sufficient height to 
accommodate the optical element assembly between the mounting 
member and the circuit board. Therefore, the height of the 
optical data link is reduced. 

In the optical data link, the optical element assembly 
has an optical element mounting member, a plurality of 
terminals, a lens holding member, a lens, and a guide member. 
The following members may be arranged in the direction of 
a predetermined axis: the circuit board.; an optical element 
mounting member; a semiconductor optical element; a lens 
holding member; a lens; and a guide member. The optical 
element mounting member mounts the semiconductor optical 
element. The optical element mounting member holds the 
terminals so as to be directed to the direction of a 
predetermined axis. The lens holding member is placed on 
the optical element mounting member so as to cover the 
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semiconductor optical element. The lens is held in the lens 
holding member. The guide member is provided on the lens 
holding member. 

Still another aspect of the present invention is the 
5 optical data link. The optical data link further comprises 

a semiconductor chip, a protectionmember , and a heat transfer 
part „ The semiconductor chip is mounted on the circuit board 
spaced apart from the mounting member . The protection member 
exhibits electrical insulation and protects the 
10 semiconductor chip- There are the following embodiments of 

h 

J the optical data link that has the above structure. 

q In the optical data link, the means may include a support 

member provided between the mounting member and the circuit 
board. The support member supports the circuit board so as 
15 to be spaced apart from the mounting member. The heat 

transfer part is provided so as to contact the protection 
member and the optical element assembly- The heat transfer 
part serves to diffuse heat generated in the semiconductor 
chip and the optical element assembly. 
20 In one embodiment, the semiconductor chip is provided 

between the circuit board and the electrically conductive 
cover. The heat transfer part is provided so as to contact 
the optical element assembly/ the protection and the 
electrically conductive cover. The heat transfer part 
25 conducts heat generated in the optical element assembly and 

the semiconductor to the electrically conductive cover. 
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In another embodiment, the semi'conductor chip is 

provided between the circuit board and the mounting member. 

j 

The heat transfer part is provided so as to contact the 
protection member, the optical element assembly and the 
5 mounting member. The heat transfer part conducts heat 

generated in the optical element assembly and the 
semiconductor to the mounting member. 

In still another embodiment/ the semiconductor chip 
is provided between the circuit board and the mounting member . 
10 The circuit board comprises a thermal vi,a in an area in which 

the semiconductor chip is provided. The heat transfer member 
is provided so as to contact the thermal via, the optical 
element assembly and the electrically conductive cover. The 
heat transfer part serves to conduct heat generated in the 



ru 

15 optical element assembly and the semiconductor to the 



flf electrically conductive cover through the thermal via. 

m 

\[Q In the optical data link, the heat transfer part is 



provided so as to contact an electric conductor connected 

with said semiconductor chip. The heat transfer part can 
20 receive heat generated in the semiconductor chip through 

the electric conductor. 

■ In the optical data link, the heat transfer part has 

electrical insulation preventing electrical conduction from 

occurring therethrough. 
25 In the optical data link, the heat transfer part 

exhibits flexibility to deform so as to conform to the shape 
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of the protection member and optical element assembly when 
the heat transfer part is provided between the electrically 
conductive cover and the protection member and optical 
element assembly. The heat transfer part is deformed so as 
5 to increase contacting area between the heat transfer part 

and the protection member and optical element assembly. For 
_ example, .the -heat, .transfer .part., includes, silicone, ger. _ 
material . 

In the optical data link, the optical element assembly 
10 includes a semiconductor optical element. The 

P semiconductor chip comprises circuit elements for driving 

tQ said semiconductor optical element. The heat transfer part 

rfj is used to conduct heat generated in the semiconductor chip 

m 

m 



and the optical element assembly to the outside of the optical 



il n 15 data link. 

\M In the optical data link, theprotectionmember includes 

m 

a package. The package houses the semiconductor chip. 

In the optical data link, theprotectionmeiuber includes 
a resin. The resin is provided on the circuit board so as 
20 to cover the semiconductor chip therewith. 

In the optical data link, the semiconductor chip is 
mounted on the circuit board by a flip-chip method. 

The present invention will become more fully understood 
from the detailed description given hereinbelow and the 
25 accompanying drawings which are given by way of illustration 

only, and thus are not to be considered as limiting the present 
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invention , 

Further scope of applicability of the present invention 
will become apparent from the detailed description given 
hereinafter- However, it should be understood that the 
5 detailed description andspecif ic examples, while indicating 

preferred embodiments of the invention, are given by way 
of illustration only., ^since various change_s andmodif ications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed 
10 description* 

|»a 

□ BRIEF DESCRIPTION OF THE DRAWINGS 

Q 

s'Q The above-mentioned object and other objects, features, 

S3 

yfi and advantages of the present invention will be understood 

rfl 

i v more easily from the following detailed description of 

u 15 preferred embodiments of the present invention set forth 

3 

\'U with reference to the accompanying drawings. 

m 

i;g Fig. 1 is a view showing the appearance of the optical 

jjij data link in accordance with an embodiment of the present 

invention; 

20 Fig. 2 is a view showing the inner structure of the 

optical data link in accordance with the embodiment of the 
optical data link; 

Fig. 3 is a view showing a mountingmember for theoptical 
data link; 

25 Fig. 4 is a view showing a side of the optical data 

link shown in Fig. 2; 
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Fig. 5 is a cross sectional view, taken along the line 
I-I shown in Fig. 1, showing the optical data link; 

Fig. 6 is a view showing the appearance of the optical 
data link in accordance wiLh another embodiment; 
5 Fig. 7 is a view showing the optical data link in 

accordance with still another embodiment; 
_ ^ Fig- 8 is a perspective view showing an optical data 

link according to the fourth embodiment; 

Fig. 9 is a view showing an internal structure of the 
10 optical daLa link according to the fourth embodiment; 

Fig. 10 is a cross sectional view, taken along the line 



i;0 II-II shown in Fig. 8, showing an optical data link; 



Fig. 11 is a plan view showing a circuit board for the 
optical data link shown in Fig. 8; 



L 15 Fig. 12A is a cross sectional view, taken along a line 

□ 

Ill-ill shown in Fig. 8, showing the optical data link; 

Fig. 12B is a cross sectional view, taken along a line 



ru 
m 
m 

equivalent the line III-III, showing an optical data link; 
Fig. 12c is a cross sectional view, taken along a line 
20 equivalent to the line III-III, showing an optical data link; 

Fig. 13 is a cross sectional view, taken along a cross 
sectional line equivalent to the line II-II shown in Fig. 
8, showing an optical data link; 

Fig, 14 is a cross sectional view, taken along a line 
25 equivalent to the line II-II shown in Fig* 8, showing an 

optical data link; 
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Figs. 15A and 15B are views showing an optical data 
link for comparison with the optical data link of the present 
invention; 

Fig. 16A is a view showing an optical data link for 
5 comparison with the optical data link of the present 

invention; and 

Fig. 16B is a view showing sheet me t.al_ parts for the 
optical data link for comparison with the optical data link 
of the present invention. 
10 DESCRIPTION OF THE PREFERRED EMBODIMENT 

The optical data links in accordance with embodiments 
of the present invention will be explained with reference 
to the drawings. Parts identical to each other will be 
referred to with reference numerals or letters identical 



* 15 to each other, if possible. 

M 

I'll (First Embodiment) 

ru 

Fig. 1 is a external view showing an optical data link 
jjj in accordance with the embodiment, whereas Fig. 2 is a view 

showing the inner structure of the optical data link. Figs. 

20 1 and 2 show an optical data link 20. The optical data link 

20 comprises a mounting member 22/ an optical element assembly 
24, a circuit board 26, and a cover member 28. The circuit 
board 26 is provided on the mounting member 22. The cover 
member 28 is provided on the mounting member 22. The the 

25 circuit board 2 6 is provided between the mounting member 

22 and the cover member 28. The optical element assembly 
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24 is supported by a first support member 30 , such as a spacer _ 
The first support member 30 is mounted on the main surface 
of the mounting member 22. According to this arrangement, 
the optical element assembly 24 is positioned on the mounting 
5 member 22 so as to be directed to a predetermined axial 

direction. The circuit board 2 6 can be supported by a second 
support member 32, such as a spacer. The second support^ 
member 32 is mounted on the main surface of the mounting 
member 22- This structure provides additional space for 
10 arranging electronic components between the circuit board 

26 and the main surface of the mounting member 22. Also, 
the circuit board 2 6 may be supported by the first support 



W 



3 
% 



from the first support member. In an example as shown in 



r p member 30. The second support member 32 is provided away 

u 

^ 15 Fig. 2, the first support member 30 is disposed to face one 

ill of a pair of sides of the mounting member 22, whereas the 



second support member 32 is disposed to face the other of 
the pair of the sides of the mounting member 22. These sides 
intersect the predetermined axis. 

20 Fig. 3 shows the mounting substrate. An example of 

mounting member 22 is a PGA (pin grid array) substrate. The 
mounting member 22 has a substrate 22a and electrically 
conductive pins 22b. The substrate 22a has a plurality of 
holes through which the electrically conductive pins 22b 

25 pass. The electrically conductive pins 22b are arranged in 

a pair of lines extending in the direction of a predetermined 
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axis. These lines are arranged along the respective sides 
of the mounting member. These sides extend in the direction 
of the predetermined axis. 

An electrically conductive film 22c is provided 
5 substantially over the whole main surface of the substrate 

22a. The electrically conductive film 22c is connected to 
onepin of the electrically conductive pins provided to 
connect with a reference potential line. The substrate 22a 
has, at one side thereof, positioning holes ?.2e defining 
10 the position of the first support member 30. 

I;* 

Q Also, the substrate 22a has a cutout 22d provided so 

a 

rg as to accommodate the tail of the optical element assembly 

■■P 

it; 24. The optical element assembly 24 is supported by the first 

m 

vU support member 30 positioned with respect to-the positioning 

;L. 15 holes 22e while the optical element assembly 24 is disposed 

[y within the cutout 22d. The substrate 22a has positioning 

I y 

?;Q holes 22h, along one side of the substrate 22a, for defining 

the position of the second support member 32 . The substrate 
22a has one or a plurality of opening portions 22f and 22g. 
20 The positions of opening portions 22f and 22g are aligned 

with posi tions of electronic components mounted on the rear 
of the circuit board 2 6. The substrate 22a comprises through 
holes 22i for positioning the electrically conductive cover 
member 28. As can be seen from this explanation, the main 
25 parts are positioned with respect to the substrate 22a. 

Referring to Fig. 2 again, the circuit board 26 has 



14 



200 2$ 2^2 78 2 08|21# 



NO. 2 082 P. 1 
'P01-0093-01US 



a plurality of through holes 2 6a into which the electrically 
conductive pins 22b are inserted. The circuit board 26 has 
through holes 2 6b into which the terminals of the optical 
element assembly 24 are inserted. The optical element 
5 -assembly 24 is held with ±he support member 30 while the 

terminals of the optical element assembly 24 are inserted 
_ _in the through holes 26b. Although not totally illustrated,, 
wirings are provided on the circuit board 2 6 and are made 
of electrically conductive layers 2 6c. The wirings extend 
10 to the surroundings of the plurality of through holes 26a 

l!3 and the through holes 26b. The electrically conductive pins 

a 

!!Q 22b are inserted into the through holes 26a and the terminals 

vfi of the optical element assembly 24 are inserted in the through 

holes 26b, These electrically conductive layers 26c are 
15 provided on both surfaces of the circuit board 2 6, 

\% respectively. 

n 

iQ One side of the circuit board 26 is provided with a 

1:3 

j'jj cutout 2 6d provided so as to extend in the direction of the 

predetermined axis. The cutout 2 6d is provided so as to 
20 accommodate the tail of the optical element assembly 24. 

The optical element assembly 24 is provided within the cutout 
2 6d and is connected to the electrically conductive layers 
2 6c of the circuit board 26. 

Fig. 4 is a side view showing the optical data link 
25 with the cover member 28 removed therefrom-. In the optical 

data link 20, the optical element assembly 24 is provided 
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within both cutouts 26d and 22d. This configuration of the 
optical element assembly 2 4 allows the reduction of the height 
L T of the optical data link 20, and allows the reduction of 
the length of the optical data link 20 in the direction 
5 of a predetermined axis. 

Referring to Fig- 4, electronic components 34a to 34e 
are arranged qn a pair of surfaces 2 6f and_2 6g of the circuit 
board 26. The "electronic components 34a and 34b are mounted 
on the first mounting surface 26f of the circuit board 26. 
10 The electronic components 34a and 34b are electrically 

Q connected to the optical element assembly 24 or electrically 

w 

vQ conductive pins 22b by way of an electrically conductive' 

ffi layer 26e. The electronic components 34c to 34e are mounted 

jn 

:iy on the second mounting surface 2 6g of the circuit board 26. 

. 15 The electronic components 34c to 34e are electrically 

•iSj» 

(U connected to the optical element assembly 24 or electrically 

m 

i;^ conductive pins 22b by way of the electrically conductive 

d 

m layer 26e. The heights of the electronic components 34c, 

34d and 34e are higher than those of the electronic components 

20 34a and 34b. This configuration allows the reduction of the 

distance between the circuit board 2 6 and the cover member 
28, so that the height Li of the optical data link 20 can 
be reduced. The head of the electronic component 34c is 
inserted in the opening portion 22f of the substrate 22a, 

25 whereas the head of the electronic component 34e is inserted 

in the opening portion 22g of the substrate 22a. Thus, the 
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heights of electronic components 34c and 34e are not 
restricted by the interval between the circuit board 2 6 and 
the substrate 22 , and the height Li of the optical data link 
2 0 can be reduced, 
5 Fig. 5 is a secLionai view taken along the line I-I 

of Fig. 1 and shows Lhe optical data link 20. A positioning 
portion 28b of the electrically conductive cover member 28 
is inserted into a hole 22i of the substrate 22a, whereby 
the cover member 28 is positioned and secured to the mounting 
1 0 member 22 . The optical element assembly 24 and the electronic 

components 34a to 34e are covered with Lhe electrically 
conductive cover member 28 , whereas the electrically 
conductive film 22c is provided on the main surface of the 
substrate 22, These electrically conductive parts shield 



m 

m 
w 
ru 

15 the optical element assembly 24 and the electronic components 



jlj 34a to 34e from external noises. 

fij 

The optical element assembly 24 comprises: an optical 



device mounting member 24a, such as a slem; a lens holding 
member 24b; a lens 24c held with the lens holding member 

20 24b; and a guide member 24d, such as a sleeve. The optical 

element mounting member 24a, lens holding member 24b, lens 
24c, and guide member 24d are arranged in the direction of 
a predetermined axis. One end of the lens holding member 
24b is provided on a surface of the optical element mounting 

25 member 24a. The guide member 24d is provided on the other 

end of the lens holding member 24b. The guide, member 24d 
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defines a direction in which an optical coupling device, 
such as an optical connector, is to be inserted. Amounting 
portion 24e for mounting a semiconductor optical element 
24f projects from the preparing surface of the optical element 
mounting member 24a. The semiconductor optical element 24f 
is placed on the mounting portion 24e so as to align with 
the direction of the predetermined axis, so that the 
semiconductor optical element 24f is aligned with the optical 
axis of the optical data link 20. The semiconductor optical 
element 24f is electrically connected to a terminal 24g 

9 ' provided in the optical element mounting member 24a. The 

lljjj 

lljg optical data link of this configuration allows the electrical 

rpj connection of the semiconductor optical element 24 f to the 

!»* electronic components 34a to 34c arranged on the circuit 

% 15 board 26. 



10 

1:4 



!C If the semiconductor optical element 24f is a 

semiconductor light emitting device such as a semiconductor 
laser, the optical data link 20 acts as a transmitter data 
link. If the semiconductor optical element 24f is a 
20 semiconductor light receiving device such as a photodiode, 

the optical data link 20 acts as a receiver data link. In 
the optical data link 20, an optical connector 36 is inserted 
along the guide member 24d in the direction of arrow A- The 
optical connector 36 comprises a ferrule 3 6a and an optical 
2 5 fiber 3 6b, one end of which appears at one end of the ferrule 

36a . 
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In the optical element assembly 24, the optical element 
mounting member 24a, lens holding member 24b, and guide member 
24d are made of an electrically conductive material such 
as metal. The optical clement assembly 24 is disposed so 
5 as to come into contact with the electrically conductive 

layer 22c and then is electrically connected to the 
electrically conductive layer 22c of the substrate 22 . 
Further, the optical element assembly 24 comprises a 
connecting portion, such as an electrically conductive 
10 protrusion 24h. The protrusion 2 4h is provided on a side 

U 

O surface of the optical element assembly 24 so as to come 

□ 

f;Q into contact with the electrically conductive cover member 

as 

28. The optical data link of this configuration allows the 
!-!| electrical connection of the housing of 'the optical element 

*; 15 assembly 24 to the electrically conductive cover member 28. 

i'U The electrically conductive protrusion 24h of the optical 

rw 

£§ element assembly is effective in improving the noise immunity 

Q 

fU of the optical data link 20. 

The second support member 32 has an electrically 
20 conductive portion 32a, such as a metal plate and a metal 

pin. The electrically conductive portion 32a is provided 
so as to electrically connect the electrically conductive 
film 22c and the electrically conductive cover member 28 
to each other when the second support member 32 is mounted 
25 on the mounting member 22. The optical data link of this 

configuration allows the electrical connection of the 
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electrically conductive member 28 to the electrically 
conductive film 22c of the substraLe 22. The electrically 
conductive portion 32a of the second support member 32 
improves the noise immunity of the optical data link 20. 
5 The first support member 30 may have an electrically 

conductive portion, such as a metal plate and a metal pin, 
whose shape, is equivalent or similar to that of the second 
support member 32. This electrically conductive portion is 
provided so as to connect the electrically conductive film 
10 22c with the electrically conductive cover member 28 when 

the first support member 30 is placed on the mounting member 
i;g 22. This improves the noise immunity of the optical data 

fj\ link 20. The first support member 30 comprises an 

cn 

.»■! electrically conductive portion for connecting the housing 

i y 

\ 15 of the optical element assembly 24 with the electrically 

□ 

fU conductive film 22c when the optical data link 20 is placed 

1$ on the first support member 30. 

m (Second Embodiment) 

Fig. 6 is a perspective view showing the optical data 
20 link in accordance with another embodiment ♦ This optical 

data link 40 further comprises an insulating member 38, such 
as an insulating sheet - The insulating member 38 is provided 
along the rear face of the substrate 22. The insulating 
member 38 can prevent unpredictable electric short-circuits 
25 from occurring in mounting the optical data link 20 on a 

printed circuit board 50. 
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(Third Embodiment) 
■ Fig. 7 is a side view showing the optical data link 
in accordance with still another embodiment . In this optical 
data link 44, the cover member 28 has one or a plurality 
5 of opening portions 28a. In the example shown in Fig. 7, 

the opening portions 28a are arranged in sides of the cover 
member 28. _ The opening portions 28a enable the ventilation 
with the inside of the optical data link 44, In this 
configuration, heat is generated from the electronic 
10 components and optical element assembly and can be released 

efficiently through the openings- The position of the 
opening portions 28a are aligned with a position between 
the substrate 22 and the circuit board 26. Even when the 
mounting density of electronic components is enhanced by 



W 

m 
m 

il . 15 the double-sided mounting, the heat from the electronic 



W 



components can be released. Further, the opening portions 
gjj 28a may be arranged in the direction of the predetermined 



,i axis and each opening portion may have a shape extending 

in the direction. In this configuration, the generated heat 
20 can efficiently be released through a region between the 

substrate 22 and the circuit board 26. 

As explained in detail with reference Lo the drawings 
in the foregoing, mounting areas for electronic components 
are provided on both sides of the circuit board. As a 
25 consequence/ these electronic components can be mounted on 

both surfaces of the circuit board. Therefore, the optical 
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data link of this configuration allows the downsizing of 
the circuit board, and is effective in making the optical 
data link smaller. 

Without using a sheet metal component as the housing 
5 base of the optical data link, the mounting member equipped 

with electrically conductive pins is used. The structure 
of the mounting .member is simpler than tha_t_of the sheet 
metal, and is effective in reducing the cost of the optical 
data link. 

10 The mounting substrate has an electrically conductive 

film therein or thereon and this film can block external 
TO noises. The optical data link made by the inventor has 

rf\ yielded noise immunity characteristic identical to or higher 

than the optical data link manufactured with a sheet metal 
15 component* 

(Fourth Embodiment) 
i'll Fig. 8 is a perspective view showing an optical data 

link in accordance with still another embodiment. Fig. 9 
is a view showing an inner structure of the optical data 
20 link according to the present embodiment . Referring to Figs . 

8 and 9, the optical data link 20b is shown. The optical 
data link 20b comprises a mounting member 22, an optical 
element assembly 25, a circuit board 26, a cover member 28, 
and a heat transfer part 60. In the optical data link 20b, 
25 a guide member 52 such as a sleeve is disposed at the head 

of the optical element assembly 25. The guide member 52 is 
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capable of guiding the ferule 56 attached on one end portion 
of the optical fiber 54, and enables the optical connection 
between the end of the optical fiber 54 and the optical element 
assembly 25. 

5 The optical data link 20b comprises an optical element 

assembly 25 instead of the optical element assembly 24. The 
structure of the optical element assembly. 25 may be the same 
as that of the optical element assembly 24 shown in Fig. 
5, but is not limited thereto. The optical element assembly 
10 ' 25 is supported with a first support member 30, The first 



5. support member 30 is mounted on the principal surface of 



ITj the mounting member 22, and positions the optical element 

lljrjj assembly 25 on the mounting member 22 such that the optical 



element assembly 25 is directed in a direction of the 
15 predetermined axis. In the optical element Assembly 25, 



m. 
m 

:; 

I'W terminals 25"g, such as lead terminals, extend from the optical 

m 

element assembly 25 along the circuit board 26, and are bent 



so as to pass through the through hole 2 6b, so that the end 
of the terminal 25g faces the mounting substrate 22. 

20 For example, when the optical data link 20b works as 

a transmission data link, the electronic device 62 operates 
so as to generate a signal provided to a semiconductor 
light-emitting element such as a semiconductor laser element 
(for example, reference numeral 24e of Fig. 5 within the 

25 optical data link 20b) . When the optical data link 20b works 

as a receiving data link, the electronic device 62 operates 
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so as to amplify signal provided from a semiconductor 
light-detecting element, such as a photodiode (for example, 
reference numeral 24e of Fig'- 5 within the optical data link 
20b) . 

5 The circuit board 26 is supported by a second support 

member 32, The second support member 32 .is disposed on the 
principal surface of the mounting member 22, so that a certain 
amount of space for arranging the electronic components is 
provided between the circuit board 2 6 and the principal 
10 surface of the mounting member 22, Moreover, the circuit 

board 2 6 may also be supported by the first support member 
30. The first support member 30 is disposed on the principal 
surface of the mounting member 22. In this embodiment, the 
first support member 30 and the second support member 32 
15 are arranged between the mounting member 22 and the circuit 

j'y board 2 6, and define the gap between the mounting member 



22 and circuit board 26. 

The heat transfer part 60, as shown in Fig. 8, is 
positioned between the circuit board 2 6 and the conductive 

20 cover 28. As shown in Fig. 9, an electronic device 62 is 

disposed in contact with the bottom of the heat transfer 
part 60 . The heat transfer part 60 is disposed on the circuit 
board 26 and is provided so as to contact the conductive 
cover 28 as well as to contact the conductive portion of 

25 the optical element assembly 25 and the electronic device 

62. The heat transfer part 60 has a pair of faces, mutually 
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opposed with each other, one of which realizes this contact . 
One of these faces, a face 60a, has an area sufficient to 
cover a region (dashed box shown in Fig. 9 for example) in 
which the electronic device 6?. and the conductive pin 2 5g 
of the optical element assembly 25 are arranged- The other 
face, a face 60b, is provided so as to contact the inner 
wall of the conductive cover. 28. The heat transfer part 60 
serves to conduct heat from the electronic device 62 and 
the optical element assembly 25 to the conductive cover 28. 
10 Moreover, the heat transfer part 60 comprises side faces 



Q 60c to 60f, which are also capable of releasing the heat 



into the air. 

7n In addition, the heat transfer part 60 has a thickness 

rfi 

;: :; equivalent to or slightly larger than the distance between 

^ is the circuit board 26 and the conductive cover 28 . Moreover, 

it is preferable that the heat transfe'r part 60 exhibit a 
jjfl certain degree of flexibility sufficient to be compressed 

• i 

I ; | to deform between the conductive cover 28 and the electronic 

device 62 and optical element assembly 25. The flexibility 
2 0 allows the compressed heat transfer part 60 to conform to 

the irregular shape of the electronic device 62 and the 
conductive pin 25g. 

The heat transfer part 60 has advantages arising from 
the foregoing behavior- The deformed heat transfer part 60 
25 generates stress therein which ensures, that heat transfer 

part 60 contacts the electronic device 62 and the optical 
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element assembly 25 and that the area of the contact can 
be increased. Further, since the heat transfer part 60 
deforms to conform to the external shape of the electronic 
device 62 and the optical element assembly 25, it is not 
5 necessary to make the heat transfer part 60 having its desired 

shape. In addition, the heat transfer part 60 exhibits 
electrical insulation such that electrical conduction will 
not occur between the optical element assembly 25 and the 
conductive cover 28 therethrough - 
10 Because of the deformation of the heat transfer part 

Q 60, the heat transfer part 60 closely contacts the electronic 

O 

:;Ci device 62 and optical element assembly 25 . The heat transfer 

fjfi part 60 causes heat from the electronic device 62 and the 

ft] ■ 

py optical element assembly 25 to disperse and spread. The 

" 15 contact area of the heat transfer part 60 with the conductive 

□ 

\U cover 28 is larger than that of the electronic device 62 

ry 

\M and optical element assembly 25 with the heat transfer part 

| j y 60. This larger contact surface allows the heat to 

efficiently conduct to the conductive cover 2 8 and to be 
20 released. 

Preferably, the heat transfer part 60 exhibits 
adhesiveness to facilitate the maintenance of the contact 
between the heat transfer part 60 and components contacted 
therewith, such as the electronic device 62, the optical 
25 element assembly 25 and the conductive cover 28. 

The present inventors think as follows: the thermal 
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conductivity of material for the heat transfer part 60 is 
preferably 2.0 W/m ■ K or more; and a silicone gel can be 
exemplified as material for the heat transfer part 60. 

Referring to Figs. 8 and 9, the circuit board 26 
5 comprises wiring layers 2 6h, 2 6i and 2 6j connected to the 

electronicdevice 62 . It is preferable that the heat transfer 
part 60 is in contact with at least one layer of these wiring 
layers ?.6h, 26i and 26j . If the heat transfer part 60 contacts 
the wiring layers 26h and 26j, the wiring layers 26h and 

10 26j conducts heat from the electronic device 62 to the heat 

transfer part 60. Moreover, the wiring layer 2 6i on the 
circuit board 26 is connected to the conductive pin 25g of 
the optical element assembly 25 and the electronic device 
62. If the heat transfer part 60 contacts this wiring layer 

15 261, the wiring layer 26i provides heat from both the optical 



fU element assembly 25 and the electronic device 62 with the 

ri 

rg heat transfer part 60. Thus, the thermal interference 



Q 



between the optical element assembly 25 and the electronic 

device 62 is reduced . 
20 Fig. "10 is a cross sectional view, taken along line 

II-II illustrated in Fig. 8, showing the optical data link 
. 20b. In this optical data link 20b, the heat transfer part 

60 is provided so as to contact the upper and side surfaces 

of the electronic device 62, Fig, 11 is a plan view showing 
25 the circuit board 26 used in the optical data link 20b. In 

fig. 1.1, the heat transfer part 60 is 'provided within an 
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area shown by a broken line- The heat transfer part 60 is 
positioned so as to contact conductors such as the wiring 
layer 26h, 26i and/or 26j connected to the electronic device 
62 while covering the electronic device 62. Further, the 
5 heat transfer part 60 is positioned so as to contact one 

or more conductors such as the conductive terminal 25g of 

the optical element assembly 25. 

Fig. 12A is a cross sectional view, taken along the 
line III-III illustrated in Fig. 8, showing the optical data 
10 link. Fig. 12A shows the details of the electronic device 

62. The electronic device 62 comprises a lead frame 62a, 
a semiconductor chip 62b, and a molded resin body 62c. In 
the electronic device 62, a semiconductor chip 62b is disposed 
on the lead frame 62a, and the molded resin body 62c covers 
15 the semiconductor chip 62b. 

{ ; y This electronic device 62 is mounted on the circuit 

s;ni board 26. Apart of the lead frame 62a extends from the molded 

3 

i-M resin body 62c to form the external lead terminals 62d. The 

external lead terminals 62d are connected to wiring layers 
20 2 6h and 2 6i, provided on the circuit board 2 6, via conductive 

connection members such as a solder. 

The heat transfer part 60 is deformed to conform to 
the shapes of Lhe molded resin body 62c, external lead 
terminals 62d/ conductive layers 26i and 26h, and optical 
25 element assembly 25 (for example, lead terminal 25g) . In 

other words, depressed portions- formed on the heat transfer 
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part 60 correspond to the shapes of the conductive layers 
26i and 26h on the circuit board 26, the external lead terminal 
62d and the optical element assembly 25 (e.g., lead terminals 
2Sg) , respectively. The formation of this depressed 
5 portions enables the heat transfer part 60 to contact each 

of the components 62c, 6?d, 62d, 25, 26i and 26h. 

Fig._ 12B is a cross section, taken along a line 
equivalent to the line III-III illustrated in Fig. 8, showing 
the optical data link according to another embodiment . Fig. 
10 12B shows the detail of the electronic device 64 included 

Q . in the optical data link of another embodiment. The 

i. ~~ 

rg electronic device 64 comprises an electrode 64a, such as 

i 

,tfj a metal bump, provided on the wiring layers 2 6h and 2 6i, 

!:■: " a semiconductor chip 64b provided on the electrode 64a, and 

ru 

i; 15 a sealant resin portion 64c for covering the semiconductor 

fU chip 64b and the electrode 64a. In. this embodiment, the 

ry 

i|g semiconductor chip 64b is mounted in 3 flip-chip 

ji'y configuration, and the pad electrode on the semiconductor 

chip 64b is connected to the wiring layers 2 6i and 2 6h via 
20 the electrode 64a. After mounting the semiconductor chip 

64a on the circuit board 2 6, the sealant resin portion 64c 
is provided by potting sealant resin material on the 
semiconductor chip 64a on the circuit board 2 6 and solidifying 
it. 

25 The heat transfer part 60 is deformed to conform to 

the shape of the sealant resin portion 64c, the conductive 
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layers 2 6i and2 6h, and the lead terminal 2 5g. In other words , 
this deformation creates depressions on the heat transfer 
part 60 and the depressions correspond to the shape of the 
conductive layers 2 6h and 26 j on the circuit board 2 6, the 
5 sealant resin portion 64c and the lead terminals 2 5g. The 

depressions enable the heat transfer part 60 to contact each 
of components 64c, 26h, 26i and 25. 

Fig. 12C is a cross sectional view, taken along a line 
equivalent to the line III-III illustrated in Fig. 8, showing 
10 the optical data link of another embodiment. Fig. 12C shows 

U 

Q the details of the electronic device 66 included in the optical 

B 

data link of another embodiment. 
% The electronic device 6 6 comprises a semiconductor chip 

LP 

64a, a wiring member 66b and a sealant resin portion 66c. 

ru 

v. 15 The semiconductor chip 64a is provided on the circuit board 

Q 

| : y 2 6. The wiring members 66b connect the pad electrodes on 

ffi the semiconductor chip 64a with the wiring layers 2 6h and 

26i, for example, by wire bonding. The sealant resin portion 
66c covers the semiconductor chip 66a and the wiring members 
20 6'6b. 

In this embodiment, the semiconductor chip 66a has a 
metal layer on the face (back side) opposed to the front 
face on which active elements, such as transistors, are 
provided, and this metal layer on the back side is bonded 
25 with the metal layer 26k on the circuit board via an adhesive 

member 66d. After the semiconductor chip 66a is mounted on 
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the circuit board 2 6 and the wire bonding is completed, the 
sealant resin portion 66c is formed by potting a sealant 
resin on the semiconductor chip 64a and the circuit board 
2 6 and solidifying it. 
5 The heat transfer part 60 is deformed to conform to 

the shapes of the sealant resinportion 66c, conductive layers 
2 6i and 26h, and the lead terminal 2 5g. In other words, this 
deformation creates depressed portions formed on the heat 
transfer part 60, and the shapes of the depressions are 
10 associated with the shapes of the conductive layers 26i and 

26h on the circuit board 2 6, the sealant resin portion 66c 
and the lead terminal 25g, respectively. The formation of 
this depressed portions enable the connection of the heat 

IP 

$ transfer part 60 with each of components 66c, 2 6i, 2 6h and 

ru - 

* 15 25. 

In the respective embodiments illustrated in Figs . 12A 
to 12C, each of the sealant resin body 62c and the sealant 
resin portions 64c and 66c works as a protective member for 
protecting the semiconductor chip. Moreover, the heat 
20 transfer part 60 exhibits electric insulation to avoid the 

generation of a conductive path through the heat transfer 
part 60 among the optical element assembly 25, the conductive 
layers 26h, 26i, 26j and the conductive cover 28. 
(Fifth Embodiment) 
25 Fig. 13 is a cross sectional view, taken along a line 

equivalent to the line II- II illustrated in Fig* 8, showing 
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the optical data link 20c. In the optical data link 20c, 
the electronic device 62 is positioned between the circuit 
board 2 6 and the mounting substrate 22, and is mounted on 
the mounting area on one face, face 2 6g, of the circuit board 
26. The circuit board 2.6 comprises a plurality of thermal 
vias 2 6m provided to the mounting region. Each of said 
thermal vias 26m extends, f rom one face of the circuit board 
26 to the other face, and is made of material exhibiting 
a better thermal conductivity than thai: of the circuit board 
26. The thermal vias 26m are provided in contact the rear 
face of the electronic device 62. Meanwhile, the heat 
transfer part 61 is provided between the wiring member 2 6 
and the conductive cover 28, and is in contact with both 
the mounting region of the wiring member 2 6 and the conductive 
cover 28. Thus, heat is generated in the electronic device 
62, and the heat is conducted to the conductive cover 2 8 
via the thermal via 2 6m and the heat transfer part 61 and 
Lhen is released from the conductive cover 28. 

Moreover, the heat transfer part 61 is provided so as 
to contact conductors such as the conductive pins 25g of 
the optical element assembly 25. Thus, the heat transfer, 
part 61 works to conduct the heat from the electronic device 
62 and the optical element assembly 2 5 to the conductive 
cover 28. 

It is preferable that the heat transfer par L 61 exhibit 
a certain degree of flexibility sufficient to deform to 
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conform to the shape of the optical element assembly 25 when 
disposed between the conductive cover 28 and the optical 
element assembly 25. 

The heat transfer part 61 exhibits electric insulation 
5 so as to avoid the generation of a conductive path therethrough 

between the optical element assembly 25 and the conductive 
cover 28, 

(Sixth Embodiment) 

Fig, 14 is a cross sectional view, taken along a line 
10 equivalent to the line II-II illustrated in Fig. 8, showing 

the optical data link 20d. In the optical data link 20d, 



the electronic device 62 is mounted on the mounting region 



:»P? on one side, the face 26g, of the circuit board 26, and is 



positioned between the circuit board 2 6 and the mounting 
15 substrate 22, Meanwhile, the heat transfer part 60 is 

jVij positioned between the wiring member 2 6 and the mounting 

hi 

member 22, and is in contact with the wiring member 2 6, 

m 

Q electronic device 62 and mounting member 22. Thus, heat is 

generated in the electronic device 62 and the generated heat 
20 is conducted to the mounting member 22 via the heat transfer 

part 60, and then is released from the mounting member 22. 

Moreover, the heat transfer part 60 is provided so as 
to contact the conductors of the optical element assembly 
24, such as the conductive pins 24g* Furthermore, a wiring 
25 layer 26n is provided on the face 26g of the circuit board 

26 and is connected to the electronic component 62. Thus, 
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the heat transfer part 60 works to conduct the heat from 
the wiring layer 2 6n, the electronic device 62 and the optical 
element: assembly 24 to the mounting member 22. 

It is preferable that the heat transfer part 60 exhibit 
5 a certain degree of flexibility. Due to the flexibility, 

Lhe heat transfer part 60 is capable of deforming to conform 
to the shapes of electronic device 62 and the optical element 
assembly 24 when disposed between the mounting member 22 
and electronic device 62 and optical element assembly 24, 
10 The heat transfer part 60 provides electric insulation 

q so as Lo avoid the generation of a conductive path therethrough 

m between the optical element assembly 24, conductive film 

xt 

22c on the mounting member 22, and the wiring layer 2 6n on 

■ F ; the circuit board 26. 

I'M 

■». 15 As described above, the heat transfer part is capable 

fU of providing one or more heat-generating sources within the 

rfj optical data link with a new heat-release path . The new path 

a ... 

$ prevents components in the optical data link from exhibiting 

its thermal runaway. Thus, the new path allows the optical 
20 data links in the embodiments to operate in the wider range 

of the operating temperature . Further, the optical data link 
in the present embodiments show favorable transmission 
waveform even in high temperatures. 

As described in the foregoing, the optical data link 
25 in accordance with the present invention has support means 

for supporting a circuit board so as to be aw^y from a mounting 
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member. Since the circuit board is distanced from the 
mounting member, electronic components can. be mounted on 
both surfaces of the circuit board. 

Therefore, an optical data link having a structure 
5 capable of increasing the area for mounting electronic 

components are provided. 

Although the principle of the present invention is 
illustrated and explained in preferred embodiments, those 
skilled in the art can recognize that the present invention 
10 can be modified in its arrangement and details without 

q departing from the principle . The circuit board is supported 

^ by the support member in the embodiments, but the circuit 

*Jj board may be supported by the electrically conductive pin 

while being distanced from the substrate of the mounting 
15 member, for example. Also, any structure allowing the 

circuit board to be distanced from the substrate of the 
mounting member can be employed without being limited to 
the specific configurations disclosed in the embodiments. 
Therefore, we claim rights for all the modifications and 
20 changes from the scope of claims and the spirit. 

From the invention thus described, it will be obvious 
that the embodiments of the invention may be varied in many 
ways. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
25 modifications as would be obvious to one skilled in the art 

are intended for inclusion within the scope of the following 
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